Evidence for separate mechanisms of cytotoxicity in mammalian cells treated with hydrogen peroxide in the absence or presence of L-histidine.
Treating Chinese hamster ovary cells with 1 mM L-histidine markedly increases their susceptibility to killing by H2O2. The mechanism of this effect has not been firmly established, although previous studies have shown that L-histidine in combination with H2O2, in contrast to H2O2 alone, generates DNA double-strand breaks (DSBs), albeit following supralethal concentrations of the oxidant. Using the highly sensitive pulsed field gel electrophoresis technique, we examined the ability of H2O2-L-histidine combinations to induce DSBs in cells over the same oxidant concentration range that causes cytotoxicity. Thus the correlation between DSB induction and cell killing could be investigated directly without the necessity for extrapolating effects across different concentration ranges. We used a number of treatment protocols that allowed the compartmentation of L-histidine inside or outside the cells, or both. Increased cytotoxicity was invariably associated with the appearance of DSBs, and both parameters were dependent on the intracellular fraction of the amino acid. A linear relationship was found between cytotoxicity and DSB formation when the cells were either treated with H2O2 (at > or = 20 microM) and L-histidine concurrently or were exposed to the oxidant following pre-loading with L-histidine. On the other hand, no DSBs were detected in cells treated with: (a) H2O2 alone; (b) L-histidine plus H2O2 at < or = 20 microM; or (c) H2O2 in association with both L-histidine and excess (20 mM) L-glutamine (which prevents L-histidine uptake). Thus, separate mechanisms appear to underlie the cytotoxic response in cells treated with H2O2 in the absence and presence of L-histidine, with the latter process being associated with the induction of DSBs and having a threshold at approximately 20 microM H2O2. The linear correlation between DSBs and cell killing observed in cells treated with H2O2-L-histidine at H2O2 concentrations > or = 20 microM was similar to (but not superimposable on) the correlation curve established for gamma-irradiated cells; DSBs produced by gamma-rays were associated with more cell killing than those generated by the H2O2-L-histidine combination.